In February 2016, World Health Organization declared the Zika outbreak a Public Health Emergency of International Concern. With developing evidence it can cause birth defects, and the Summer Olympics coming up in the worst affected country, Brazil, the virus caught fire on social media. In this work, we use Zika as a case study in building a tool for tracking the misinformation around health concerns on Twitter. We collect more than 13 million tweets regarding the Zika outbreak and track rumors outlined by the World Health Organization and Snopes fact checking website. The tool pipeline, which incorporates health professionals, crowdsourcing, and machine learning, allows us to capture health-related rumors around the world, as well as clarification campaigns by reputable health organizations. We discover an extremely bursty behavior of rumor-related topics, and show that, once the questionable topic is detected, it is possible to identify rumor-bearing tweets using automated techniques. 1
I. INTRODUCTION
The information overload poses serious challenges to public health, especially with regards to infectious diseases. Similar to people's increased mobility, the availability and ubiquity of information facilitates the transmission of misinformation that can hamper the efforts to tackle a major public health crisis. With a continuous threat of digital "wildfires" of misinformation [1], health rumors are a worldwide serious problem [2] .
The complexity of dealing with communication during a health crisis is growing, as social media is playing a more prominent role. Social media, compared with traditional media, is harder to monitor, track and analyze. Public health institutions such as the World Health Organization (WHO) include social media as a crucial part in monitoring a health crisis [3] . However, guidelines and tools on best approaches to tackle this are not yet available.
This paper proposes a suite of tools for tracking healthrelated misinformation, and describes a case study of tracking a health crisis, as discussed on Twitter. We provide a methodology for uncovering the streams of tweets spreading rumors about the 2016 Zika outbreak. In particular, the suspected link between Zika and serious brain malformation (microcephaly) in newborns, as well as the approaching Olympic Games in Rio introduced urgency in effective communication about the crisis. In particular, we track rumors outlined by the WHO (along with Snopes.com 1 ) in the stream of nearly 13 million tweets. We employ high-precision expert-led Information Retrieval approach to identifying the relevant tweets. Using crowdsourcing, we distinguish between rumor and clarification tweets, which we then use to build automatic classifiers. Here, we present in-depth temporal analysis of the found rumors, their origins, and interactions with informational sources.
II. RELATED WORK
WHO's white paper on Risk communication in the context of Zika virus urges to develop communication resources that quickly transform information into usable and easily understood format [4] . Although earlier works have found misinformation to be part of the Twitter chatter related to flu [5], little work thus far concentrated on detecting and tracking healthrelated rumors. Recently, Kostkova et al. [6] created the "VAC Medi+ board" online interactive visualization framework integrating heterogeneous real-time data streams with Twitter data. They track the spread of vaccine related information on Twitter and the sources of information spread. A potential framework to engaging expert knowledge in a real-time crisis, including health-related, situation is described in Imran et al. [7] , where content is selected to be annotated via crowdsourcing into predefined classes. These can then be used to train a classifier, and update it as necessary with active learning data selection. Work most relevant to the current study is by Dredze et al. [8] , who analyzed the characteristics of nonscientific claims about vaccine misconceptions by the vaccine refusal community. Specifically, the authors analyzed the two most prominent misleading theories about Zika vaccination in Twitter using unspecified "supervised machine learning technique" and observed the effect of vaccine-skeptic communities over other users' vaccination opinion. While [8] look at two Zika vaccine related memes, in this work we propose a more general methodological pipeline to track health-related rumors.
